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FOREWORD 
The following r epor t  sunnnarizes the progress of the  Auburn 
Universi ty  Electrical  Engineering Department under the  auspices of the  
Auburn Research Foundation toward fu l f i l lmen t  of t he  requirements pre- 
sc r ibed  i n  NASA Contract NAS8-11184. Monthly progress r epor t s  have 
been submitted p r i o r  t o  t h i s  report .  Contract progress has  a l s o  been 
reviewed by telephone and i n  meetings with M r .  T. A. Barr, Contract 
Supervisor ,  National Aeronautics and Space Administration, Huntsv i l le ,  
Alabama, and the  p a r t i c i p a t i n g  Auburn Universi ty  personnel. 
The following personnel pa r t i c ipa t ed  i n  cont rac t  work during 
t h e  per iod of t h i s  repor t :  
H. M. Summer - Professor  of Electrical Engineering 
M. A. Honnell - Pro jec t  Leader and Professor  of 
E l e c t r i c a l  Engineering 
E. R. Graf - Projec t  Leader and Professor  of 
E l e c t r i c a l  Engineering 
G. T. Nichols - Associate Professor of E l e c t r i c a l  Engineering 
H. K. Miller - Assis tan t  Professor  of E l e c t r i c a l  Engineering 
R. E. Harwell - Associate Professor of Aerospace Engineering 
W. E. Faust - Ass i s t an t  i n  E l e c t r i c a l  Engineering 
W. W.  Agerton - Graduate Ass is tan t  i n  E l e c t r i c a l  Engineering 
H. L. Deffebach - Graduate Ass is tan t  i n  Electrical  Engineering 
R. B. Godfrey - Graduate Ass is tan t  i n  E l e c t r i c a l  Engineering 
ii 
S. S. Hartin - Graduate Assis tant  i n  E l e c t r i c a l  Engineering 
H. H. Hull  - Graduate Assis tant  i n  Electrical Engineering 
J. H. Judd - Graduate Assis tant  i n  Electrical Engineering 
L. E. Noien - Graduate Assistant i n  Electricil  Engineering 
J. L. Richardson - Graduate Ass is tan t  i n  E l e c t r i c a l  Engineering 
H. G. Black, Jr. - Electronics  Technician, Electrical Engineering 
K. M. M c W i l l i a m s  - Electronics  Technician, Electrical  Engineering 
G. T. Sibley - Elec t ronics  Technician, Electrical Engineering 
L. J. Haynes - Head Professor ,  I n d u s t r i a l  Laboratories 
J. W. Wingard - Assis tan t  Professor ,  I n d u s t r i a l  Laboratories 
R. A. Pa t t e r son  - Senior Laboratory Mechanician, I n d u s t r i a l  
Laboratories 
P. C. Conner - I n s t r u c t o r ,  I n d u s t r i a l  Laboratories 




TABLE OF CONTENTS 
ii -- -- ru~wO~............................................ .......... 
LIST OF T A B L E S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .............. 
LIST OF FICr'LIRES..... vi 
V 
.......................................... 
INTRODUCTION......... ......................................... 1 
I. RADIO PREQUENCY SYST EMS...t.............................. 2 
A. TELEVISION EXCITER U N I T . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
1. Oscillator....................................... 2 
2. Power Amplifier .................................. 6 
3. Power Supply  9 ..................................... 









LIST OF TABLES 
............... 1. Circuit Yaliles f o r  the Oscilla~or-Doubler.. 4 
2. Circuit Values for the Cooanon-Base Transistor 
Amplifier ................................................. 8 
3. Circuit Values for the 28-VDC Power Supply ................ 14 
LIST OF FIG'URES 
1. Sehemtic Diagrm of t h e  Oscillator-Doubler............... 3 
2. Schematic Diagram of the Common-Base Transistor 
rl\Tnplifier ................................................. 7 
3. Basic Diagram of the 28-VDC Power Supply .................. 10 
4 .  Simplified Diagram of the Series Regulator 
Circuit...............................................,... 12 




Developmentai work contimed oi; the 2280-W-z television exciter 
unit. Temperature testing of the 380-MHz oscillator indicated that 
some form of temperature compensation was necessary if a stable output 
frequency was to be obtained. 
The design of the power amplifier was modified into a common- 
base transistor configuration to provide better isolation between 
the oscillator and the X6 multiplier. 
The packaging of the 28-vdc power supply for the exciter unit 
was initiated. The space available in the exciter unit package for 
the power supply requires a reduction in the total volume of the 
model received from NASA Astrionics at Huntsville. 
Progress on the Millimeter Waves Study is reviewed in the final 
section of this report. 
i 
I. RADIO FREQUENCY SYSTEMS 
A. Television Exciter Unit 
1. Oscillator 
Temperature testing was begun on the 380-MHz oscillator of the 
2280-MHz television exciter unit. The results obtained indicated 
that some changes had to be made in the circuitry to stabilize the 
output frequency of the oscillator. While compensation work was 
initiated on the 380-MHz oscillator, a paralled effort was begun 
on a combination 190-MHz oscillator and doubler stage to try to 
gain improved frequency stability. 
It was decided to use a Clapp-Gouriet circuit as the basic 
190-MHz oscillator. This type of circuit yields good frequency 
stability against changes in transistor junction capacitance. An 
experimental model of this oscillator along with its associated 
doubler was constructed and tested. The schematic diagram of this 
circuit is shown in Figure 1. 
Temperature tests indicated that the frequency of the uncom- 
pensated oscillator decreased with an increase in temperature. 
suggested the possibility of using negative temperature coefficient 
capacitors in the tank circuit of the oscillator. Capacitor c6 was se- 
lected to add temperature stability to the circuit. The results of the 



































T A B U  I 
CIRCUIT VALUES FOR THE OSCILLATOR-DOUBLER 




Fixed wirewound r e s i s t o r ,  7500 ohm, 
1 w a t t .  
....................... R1 
S i l i c o n  r e s i s t o r ,  1200 ohm, 
1/8 w a t t .  
....................... R2 
Fixed wirewound r e s i s t o r ,  250 ohm, 
1 w a t t .  
....................... R3 
Fixed wirewound r e s i s t o r ,  100 ohm, 
2 w a t t .  
....................... R4 
Fixed wirewound r e s i s t o r ,  470 ohm, 
2 w a t t .  
....................... R5 
Fixed wirewound r e s i s t o r ,  400 ohm, 
2 w a t t .  
....................... R6 
Fixed wirewound r e s i s t o r ,  70 ohm, 
1 w a t t .  
....................... R7 
Fixed wirewound r e s i s t o r ,  225 ohm, 
1/ 2 w a t t .  R8 
....................... 
....................... Fixed wirewound r e s i s t o r ,  50 ohm, 
1/ 2 w a t t .  R9 
Fixed ceramic capac i to r ,  1000 p f .  
250 wvdc. 
Fixed m i c a  capac i to r ,  8 p f . ,  
500 wvdc. 
c 2  ....................... 
Fixed m i c a  capac i to r ,  5 p f . ,  
500 wvdc. 
....................... c3 
Fixed m i c a  capac i to r ,  10 pf. ,  
500 wvdc. c4 
....................... 
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C l l ,  c1 p............. ......... 
Component 
Value 
Fixed m i c a  capac i to r ,  39 p f . ,  
500 wvdc. 
C e r a m i c  capac i to r ,  negative 
temperature c o f f i c i e n t ,  s e l ec t ed  
value . 
Variable a i r  capac i to r ,  0.8-8 p f . ,  
800 wvdc . 
c13, C14, C15, c16, C17 ........ Fixed ceramic feedthru capac i to r ,  















Fixed inductor 0.081 microhenry. 
S t r i p  inductor ,  1/4" s t r i p  of b ra s s  
i n  the  shape of a "--L" . The 
dimensions are 5/8" x 3/8" x 5/16". 
R.F. choke, 0.82 microhenry, 1 /4  w a t t .  
R.F. choke, 0.84 microhenry, 1 /4  w a t t .  
R.F. choke, 1.0 microhenry, 1/4 w a t t .  
R.F. choke, 0.2 microhenry, 1/4 w a t t .  
T rans i s to r  2N3375. 
Varactor diode PC117. 
Varactor diode MA4273C. 




Further investigation showed that the method used to frequency modulate 
the oscillator could also be used in temperature compensation. The 
positive temperature coefficient resistor R2 in the biasing network 
of the varactor diode CR2 changes the capacitance in the resonant 
circuit of the oscillator in such a manner as to lessen the effects 
of temperature on the oscillator stability. 
The doubler stage of the oscillator-doubler sub-assembly derives 
its input from the voltage across resistor R 
capacitor C 
380-MHz by the resonant circuit elements, capacitor C11 and the 
strip inductor L2. 
through the coupling 8 
The collector circuit of transistor Q2 is tuned to 7' 
2. Power Amplifier 
In order to facilitate matching between the oscillator-doubler and 
the X6 multiplier, a new power amplifier employing the common-base 
transistor configuration was designed. 
provides better isolation between input and output than the c m o n -  
emitter type amplifier. 
and built is shown in Figure 2. The portion of the circuit composed 
c ,  2nd c -  2nd transistor 01 of inciuctors L1 aid L2, c ~ p a c l t z r ~
presents fifty ohms at 380-MHz to the output of the oscillator. 
Lg and L6 are r-f chokes. 
Q1 at r-f ground potential. 
d-c biasing of transistor Q1. 
C4 and inductors L4 and L3, matches the power amplifier to the input 
of the X6 multiplier. 
The common-base configuration 
The schematic of the circuit that was designed 
3' + 
Inductors 
Capacitor c6 places the base of transistor 
Resistors R1, R2, and R3 are used in the 












































C i r c u i t  
Component 
CIP.O!IT VALUES FOR THE COMMON-BASE 'I"S1STOR AMPLIFIER 
Component 
Value 
....................... Fixed carbon r e s i s t o r ,  100 ohm, 
1 /4  w a t t .  R1 
....................... Fixed carbon r e s i s t o r ,  10 ohm, 
1 / 2  w a t t .  
R2 
....................... Fixed carbon r e s i s t o r ,  820 ohm, 
1 w a t t .  
R3 
L1, Q ....................... S t r i p  inductor ,  1/4" s t r i p  of 
brass  i n  the  shape of a "-". 
The dimensions are 1/2" x 3/8". 
L2 
L3 
....................... S t r i p  inductor ,  5/16" s t r i p  of 
b ra s s  i n  the  shape of a ll-ll. 
The dimensions are 1 1/2" x 
7/16" x 3/8". 
....................... S t r i p  inductor ,  0.025" s t r i p  of 
brass  i n  the  shape of a "7''. 
The dimensions are 1 1/8" x 
7/16" x 3/8". 
L5, L6, L7 ..................... R. F. choke, 0.2 microhenry, 1 /4  w a t t .  
TT---. vCILICIYI=. -Ll a i r  c q i a c i t o r ,  0.8 t o  8 p f .  c1, c 4  ....................... 
C2, C3, Cg ..................... Fixed ceramic capac i to r ,  1000 pf . ,  
250-vdc. 
....................... Fixed m i c a  capac i to r ,  20 p f . ,  500-vdc. c5 
C7, Cg ....................... Fixed ceramic feedthru  capac i to r s ,  
470 mfd, 500-vdc. 
Q1 ....................... Trans i s to r  type 2N3375. 
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The ampl i f ie r  exh ib i t s  a power ga in  of 2.5, y i e ld ing  a power 
output of one wat t  with a power input of 400 mil l iwa t t s .  The f l a t  
po r t ion  of the  ampl i f ie r  bandwidth i s  approximately 28-MHz with a 
cen te r  frequency of 380-MHz. 
3.  Power Supply 
The 2280-MHz t e l e v i s i o n  exc i t e r  u n i t  e s t a b l i s h e s  a requirement 
f o r  a s o l i d - s t a t e  power supply t h a t  can supply an output of 28-vdc 
wi th  a r egu la t ion  of 0.1 percent and a maximum cur ren t  of 750 m i l l i -  
amperes. The power supply t h a t  i s  used was designed by the E l e c t r i c a l  
Systems Division of NASA Astr ionics  a t  Huntsvi l le .  A bench model of 
the  power supply was received. 
Repackaging was i n i t i a t e d  t o  e l iminate  nine cubic inches of 
volume i n  order  t h a t  it would be compatible with the space ava i l ab le  
i n  the  e x c i t e r  u n i t  package. 
The opera t ion  of the  power supply may be explained by f i r s t  
d iv id ing  the power supply i n t o  three sec t ions :  vol tage-control led 
o s c i l l a t o r ,  series r egu la to r ,  and the  s t a r t i n g  c i r c u i t .  The basic  
c i r c u i t  of the  power supply i s  shown i n  Figure 3. The VCO provides a 
p u l s e  uf f l e d  ~ 2 2 t h  tz .‘rive trznsistnr Q3: i n  Figure 3. 
use  of feedback, the  pulse  r e p e t i t i o n  r a t e  of the  VCO i s  var ied 
according t o  the  power demand a t  point  A i n  Figure 3. 
back loop enables  a vol tage with a r egu la t ion  of approximately 
f 2 percent  t o  be e s t ab l i shed  a t  point  A.  


































The vol tage  i s  fu r the r  regulated,  t o  approximately 0.1 percent ,  
by a series regula tor .  
shown i n  Figure 4. When the voltage a t  the load increases ,  t he  
sampling network de tec t s  t h i s  increase and feeds an e r r o r  s igna l  back 
t o  the  amplif ier .  The ampl i f i e r ,  i n  t u rn ,  reduces the  cu r ren t  i n t o  
the  base of t he  series element, t r a n s i s t o r  Q8, and causes the vol tage 
a t  t he  load t o  decrease. 
the  cu r ren t  i n  the  base of the  series element increases  and causes 
A simplif ied diagram of t h i s  r egu la to r  i s  
I n  a similar manner i f  the  vol tage decreases ,  
the  load vol tage t o  increase accordingly. 
The s t a r t i n g  c i r c u i t  w a s  incorporated i n  the power supply because 
i n  the  i s o l a t e d  system the VCO has no s t a r t i n g  voltage.  The s t a r t i n g  
c i r c u i t  vol tage i s  generated i n  t h e  RC network composed of capac i tor  
C4 and r e s i s t o r  R 1  of Figure 5, which causes the uni junc t ion  t r a n s i s t o r  
Q 1  t o  conduct. 
causing a vol tage t o  appear on the secondary of transformer T2. 
This vol tage  provides the s t a r t i n g  pulse  f o r  the VCO. 
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C i r c u i t  
Component 
CIRCUIT ?'ALL?ES FOR TIIE: 28-VDC POWER SUPPLY 
Component 
Value 
....................... Fixed carbon r e s i s t o r ,  27000 ohm, 
114 w a t t .  
R 1  
R2, Rq, R17, R23 ............... Fixed carbon r e s i s t o r ,  1000 ohm, 
114 w a t t .  
....................... Fixed carbon r e s i s t o r ,  56 ohm, 
114 w a t t .  
R3 
....................... Fixed wirewound r e s i s t o r ,  300 ohm, 
3 w a t t .  
R5 
Rg, R31 ........................ Fixed wirewound r e s i s t o r ,  5.1 ohm, 
3 w a t t .  
....................... Fixed carbon r e s i s t o r ,  200 ohm, 
114 w a t t .  
R7 
....................... Fixed carbon r e s i s t o r ,  1100 ohm, 
114 w a t t .  R8 
Rg, R12 ....................... Fixed carbon r e s i s t o r ,  5100 ohm, 
114 w a t t .  
R. I W  n ....................... Fixed carbon r e s i s t o r ,  7500 ohm, 
i i 4  w a t t .  
.R11 ,  R25 ....................... Fixed carbon r e s i s t o r ,  10000 ohm, 
114 w a t t .  
....................... Fixed carbon r e s i s t o r ,  1300 ohm, 
114 w a t t .  
R13 
....................... Wirewound Potentiometer,  0-1000 ohm, 
114 w a t t .  
R14 
R15, R30 ....................... Fixed carbon r e s i s t o r ,  12000 ohm, 
114 w a t t .  
. 
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Fixed carbon r e s i s t o r ,  51000 ohm, 
114 w a t t .  
Fixed carbon r e s i s t o r ,  3900 ohm, 
114 w a t t .  
Fixed carbon r e s i s t o r ,  4300 ohm, 
114 w a t t .  
Fixed carbon r e s i s t o r ,  2200 ohm, 
1 w a t t .  
Fixed carbon r e s i s t o r ,  2700 ohm, 
112 w a t t .  
Fixed carbon r e s i s t o r ,  36000 ohm, 
114 w a t t .  
Fixed carbon r e s i s t o r ,  18000 ohm, 
114 w a t t .  
Fixed carbon r e s i s t o r ,  30000 ohm, 
114 w a t t .  
Wirewound Potentiometer,  0-5000 ohm, 
114 w a t t .  
Fixed m i c a  capac i tor  0.04 mfd., 
100-vdc. 
Fixed tantalum capac i to r ,  320 mfd., 
1OO-VdC. 
Fixed tantalum capac i tor ,  3.3 mfd., 
3 5 - d ~ .  
Fixed tantalum capac i tor ,  6.8 mfd., 
35-vdc. 




















.......................... Fixed tantalum capac i tor ,  22 mfd. 
35-vdc. 
......................... .Fixed m i c a  capaci tor  . 10 pf. . 
100-vdc. 
.......................... Fixed m i c a  capac i tor , se lec ted  value. 
......................... .Fixed t a n t a h m  capac i tor ,  4.7 mfd. 
~ O - V ~ C .  
.......................... Fixed tantalum capac i to r ,  1200 mfd. 
50- vdc . 
.......................... Fixed tantalum feedthru capac i tor ,  
6.8 mfd., 35-vdc. 
.......................... Fixed tantalum feedthru capac i to r ,  
15 mfd. , 50-vdc. 
.......................... Fixed ceramic standoff capac i to r ,  
470 pf.  , 500-vdc. 
C17, C 1 8  ..........................Fixed ceramic feedthru capac i to r ,  
470 pf.  , 500-vdc. 
Q 1  ................... .......=a n s i s t o r  type 2N491B. 
Q2 
Q3 
Q4 . Qll .......................... Trans is tor  type 2N2060. 
.......................... Trans is tor  type 2N910. Q5 
Q6, Qlo .......................... Trans i s to r  type 2N722. 
Q7, Qg .......................... Trans is tor  type '2N2102. 








CR1, CRg ....................... Diode type 1N3071. 
CR2, CR3, CR11, CR13 ........... 
CR4, CR10 ...................... 
Diode type RG100B. 
Diode type 1N3066. 
....................... CR5 
c%, CR8 ....................... 
Diode type 1N3881. 
Diode type 1N939A. 
Diode type 1N967B. ....................... CR7 
....................... CR12 Diode type 1N3040B. 
L1, L2 ....................... Core 55121-M4, 65 t u r n s ,  - 
AWG. No. 22. 
Core 55121-M4, 160 tu rns ,  
AWG. No. 25. 
....................... L3 
....................... L4 Core 55051-M4, 25 t u r n s ,  
AWG. No. 21. 
....................... LS Fixed inductor ,  3.3 microhenry, 
114 w a t t .  
....................... T1 Core 55071-M4, Primary 68 t u r n s ,  
AWG. No. 19. 
Secondary 70 t u r n s ,  AWG. No. 19. 
Secondary 15 t u r n s ,  AWC;. No. 28. 
Core 55310-M4, Primary 620 t u rns ,  
AWG. No. 30. 
Secondary 560 t u r n s ,  AWG. No. 30. 
....................... T2 
....................... T3 Core 55206-M4,Primary 900 t u r n s ,  
AWG. No. 33. 
Secondary 166 t u r n s ,  AWG. No. 26. 
11. MILLIMETER WAVE STUDY 
The vacuum equipment for the environmental chamber has been 
received. In addition, the platform which will support the chamber 
has been constructed. The absorbent material for lining the chamber 
has been received also. 
A theoretical analysis of the lens system is being conducted. 
The object is to express mathematically the effect each lens has on 
the propagation of the electromagnetic waves. An additional set of 
lenses are being designed using Fresnel Zone Theory. These results 
will appear in future reports. 
18 
